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ABSTRACT 


In this study, two strains of &. colt were exposed to 
allowable food preservatives, in different growth media, 
and were enumerated on. selective and nonselective plating 
media. The preservatives used in the study were intended 
primarily for the inhibition of yeasts and molds, yet 
preservative, growth medium and preservative-growth medium 
interaction effects, influenced the reliability of the 
COumegs OreViorece regen Lesazar’ The aadicion=*or Naclwand 
skimmilk to the growth media, with and without preservatives, 
affected the reliability of the counts. However the 
addition of up to 3% agar had no effect on the counts. 
Although methyl paraben influenced the growth curves, 
Sarony  COunte"oOn Vi0letered hile vagar grown In media 
Corvawmiine Methyl paraben, appeared to be more reliable, 
when compared to counts on nutrient agar. The study 
emphasizes the need for improved media for the selective 
Por OWUMeOr TCOlMOrm DdoLeria, because Or. the need "to 


enumerate coliform bacteria for some food standards. 
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INTRODUCTION 


Detection and enumeration of pathogenic, indicator 
and spo0llage wypes of microorganisms Loormoorpeant oo. the 
Selepyeanomkeeming duality Of food supplies.  Selecvive 
media nave been developed to distinguish and enumerate 
Ceruein microorganicms. Ideally, a selective medium 
should give counts equivalent to a non-selective medium. 
However.) cesults trom studies of Che reliability of many 
Selective media have indicated that some selective media 
Paerurally anhibie the growth of the selected microorgzan— 
isms. Injury induced by freezing, heating, irradiation 
and chemical treatments commonly used in the processing 
and preservation of foods is of particular eoncern Lor 
piee Pood Micro psolOfiau, SUCh Injury 2s evicenced by 2 
prolonged lag phase, a narrower pH and temperature range 
permitting growth, more fastidious nutrient requirements 
SnCmeowereoter sensiuivity Of injured cells vo Pani vers 
Bemoecelective G@eents. Thus tests for microoganisms are 
generally less reliable after processing or chemical 
treatments have been applied to a food. Food-borne 
pathogens retain their pathogenicity after they recover 
i OMe ir Cy a sO rere jhe reduced ability of selecvive 
media to support the growth of injured bacteria reduces 
the effectiveness of the tests and could have serious 


public health consequences. 
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The main selective agent used in media for the 
Gevect Onmencmenumeravion of cOl@rorms 15 bale salts, “or 
the purified bile salt, sodium desoxycholate. Various 
workers have shown that exposure of coliform organisms 
to adverse oncitilons, causes @ large proportion of the 
cells to become sensitive to selective media containing 
Pitessa liste tests 1Or coliform Organisms are widely Used 
for assessing the sanitary quality of foods and water. 
Public health standards require the detection of small 
numbers of these organisms, since the presence of coliforms 
in heat processed foods suggests post-processing con- 
tamination andspocr sauivary control im the Pood” plant. 
Certain species may be of faecal origin which suggests 
the possibility that enteric pathogens may also be 
Dresenu. 

The problem of evaluating samples with low numbers 
of coliform organisms is confounded by the cells having 
been exposed to various kinds of injury. ‘Some types 
of injury have been extensively studied, but information 
Onevhe injury o1 COlai1orms Oy Chemical preservatives is 
limited. 

Chemical reeervatives may be used where their use 
is permitted by the food regulations. Chemical preserv- 
atbives are generally considered to be those chemicals 
which, when added to food, prevent or retard its deterio- 


ration. In this study, such preservatives are not 
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Corrs idercumrcominclude commonesalt, sugars, vinegars, 
Spices eandugeur wdis-or~ those substances incorporated 


into food by direct. exposure to the product, ,even though 
natural preservatives may have the same general action as 
chemical preservatives. The Canadian Food and Drug 
regulations (National Health and Welfare, 1972) lists 

the concentration of preservatives that may be added to 
specified foods. These include the acids and salts of 
benzoate, propionate, sorbate, the parabens, and sulfu- 
rous acid: also sodium. dithionate.and sodium diacetate. 

The foods generally preserved with chemical preserv- 
atives include fruit juices, carbonated beverages, pickles, 
relishes, jams, preserves, etc. In Alberta there has 
been concern about the keeping quality of cottage cheese. 

A study by Huang (1969) suggested that chemical preserv— 
atives such as potassium sorbate and sodium propionate 
might be used to prolong the shelf life of cottage cheese. 
Although there is controversy about the advisability of 
using preservatives in many foods, the possible effect 

that preservatives might have on the detection of indicator 


microorganisms warrants study. 
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OBJECTIVE 


Losicmves) Mecognizedithat physical and chemical 
Treatmemecmunmeecnded) FO inhibit wre lili especific microoreen- 
Tse gieedwien yy cause injury Of surviving cellse.. The 
Cbiecumeumtn a scucy was to study ingury by chemical 
Preservatives. Using the colnts on nonselective and 
selective media after exposure of Fschertchia colt to 
chemical preservatives as the measure of injury. 

The preservatives selected for the study were not 
necessarily intended for the inhibition of Eschertchtra 
colt, but were selected from those allowable in terms 
Ob the Canadian .oodeana drug resulations. MWhe growth 
media containing the preservatives will also be modified 
with the object of simulating conditions that might 
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REVIEW OF THE LITERATURE 


Injury caused by heat treatment 


HeaG injury may be Manitested by. Changes. that result in 
more fastidious growth requirements of the heated cells, 
These have been demonstrated as:- 

(i) pH and temperature of recovery medium. Heated 
cells have been shown to recover within a narrower pH range 
(Nelson, 1956; Heather and Vanderzant, 1957a; Allwood 
and Russell, 1966; Iandolo and Ordal, 1966; Clark, Witter 
and Ordal, 1968). Similarly, growth was limited to a 
narrower temperature range after heat treatment of 
bacterial ceils (Heather and Vanderzant, 1957a; Macauley, 
Hawirko and James, 1963; Clark, Witter and Ordal, 1968). 

Ordal (1970) reviewed the effect of NaCl and other 
permitted food preservatives on the growth of thermally 
stressed cells. He reported that the temperature range 
in which the stressed cells were able to repair themselves , 
ano then multiply in the presénce of permitted food 
preservatives, was narrower for heat damaged than unheated 
cells. 

(ii) Reduced oxygen demand. Hershey (1939) found 
that the oxygen consumption of heat treated cells was 
decreased by about 90%. Other workers (Baird—Parker 
and Davenport, 1965; Harries and Russell, 1966) showed 


that heat treated cells required less oxygen for growth, 
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Since haehermrecovertes weremoptained oy thes pour; plate 
technique, cnan by ‘the surfaces plate’ technique. This 
could indicate the loss of an enzyme such as catalase. 

(iii) Prolonged lag phase. Heated bacteria exhibited 
an extended lag phase’ of growth in’ various recovery 
edie. The lengthening of the lag phase depended on the 
temperature to which the cells were heated (Hershey, 

1O39 7 "Gawvon and Netsonyealo55 i Kautmanny Harmon, (Pai lthorp 
and Pflug, 1959; Jackson and Woodbine, 1963; Strange and 
Snene 1964 Bando ro@and VOrdal, thoO6G7 TALI woodwand Russell, 
1969). 

(iv) More fastidous nutrient requirements for growth. 
Microorganisms which survived heat treatment frequently 
exhibited greater demands for nutrients than unheated 
cells. Beef infusion agar gave higher counts of heat 
treated bacteria than a synthetic medium (Nelson, 1943). 
Counts of heat treated cells were greatly increased 
when tryptone was added to the synthetic medium (Nelson, 
1944). Heather and Vanderzant (1957b) showed that the 
incorporation of yeast extract in the growth medium 
increased the counts of heat treated Pseudomonas 
fluorescens. Similar results were obtained by Russell 
and eae (1968) for heat treated Eschertchta colt. 
Allwood and Russell (1966) noted increased counts when 
either glucose or phosphate was added to nutrient agar, 


used for the enumeration of heated Staphylococcus aureus. 
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They also reported that added glucose or ‘yeast extract 
decreased the length of the lag phase, indicating that 
these compounds stimulated growth of heated cells (Allwood 
and Russell, 1969). Heat treated Streptococcus faecalis, 
bh pansyne het we medium, recovered at a much slower rate 
than in a complex medium (Clark, Witter and Orda WyS1o6o ys 
Subsequently, they reported that 90% of heated Salmonella 
typhtmurtum cells were unable to reproduce on Levine 

eosin methylene blue agar containing 2% NeaGL erate t 
they grew at a rate equivalent to that of nerna Weceln Ss 
when incubated in tryptic soy broth (Clark, Witter and 
Ordal, 1969). A similar finding was observed, with 

heated Salmonella typhimurium incubated in a fresh citrate 
Medan rel ont nesyentc Ordeal: Words) . 

(v) Increased sensitivity to selective agents. 
Sublethal heat treatment of Staphylococcus aureus was 
Shown to inhibit the ability of heated cells to form 
colonies on Staphylococcus medium No. 110 (Busta and 
HELZESKI a 1963:; Dabbah, Moats and Edwards, 1971). Increased 
concentrations of salt resulted in decreased counts (Busta 
and Jezeski, 1963; Stiles and Witter, 1965). Similar 
results were reported for Streptococcus faecalis (Beuchat 
and Lechowich, 1968) and for FEsehertichta eolt (Maxcy, 

1969, 19703 Dabbah, Moats and Edwardes Aaoy1)8 


Injury caused byy iisee zine 


Freeze injured bacteria also showed a pronounced 
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increase in the lag phase time for growth, (Squires and 
Hertse! Gambon meotnskey! andnSid vermainwalo7.0 ) Pt Sinskey 

and Silverman also found that peptides and casamino acids 
added to the recovery medium shortened the lag time. The 
pH range for growth was also limited after bacteria were 
Subjected to low temperature treatment (Matches and Liston, 
Wore) 

Improved growth of bacteria after freezing and 
thawing was found when cells were plated on enriched 
media compared to minimal media (Gunderson and Rose, 1948; 
Hartsebijen95ijia Whe gimabiditywof thelibacteria to: form 
colonies on simple media was described as metabolic 
IiUtyen oO Ula a aneeys yokes. Gd959m9 Arpadl,) 196208964; 
Nakamura and Dawson, 1962; Moss and Speck, 1963, 1966a; 
Sorrell, Speck and New cere 1970). The metabolic injury 
of the cells was indicated by the increasing nutritional 
requirements for growth. Injured cells appeared unable 
to synthesize some essential metabolites, and supplemental 
Srowth substances had to be added to support growth of 
tine ginjureds cednis-gecdhesaddition of tryptdicase mortthe 
growth medium supported the recovery of injured cells 
(Straka and Stokes, 1959; Moss and Speck, 1966b). The 
addition of yeast extract to the growth medium was shown 
to have a similar effect (Arpai, 1964; Ray, Janssen and 
Bisel, 2 no (ese Rey. andoSpeck, 1972). Similarly, the 


INCOrpPOratLon Oremeau Gxuract, pepuone and casamino acids 
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Was shown to greatly improve the growth of injured cells 
on the growth medium (Nakamura and Dawson, 1962). 
injury, causedaby,inradiation 

ihevepane, confi licting.reportsp,aboute the; growth 
requirements, of irradiation damaged bacteria. Some 
workersshavesconcluded.that the exvowlh, of irradiated.cedls 
Was, better onva chemically defined medium than on: complex 
Wedaa,esucheaeunacrient agar. (Roberus,ands Aldous, #1946; 
Alper and Gillies, 1958 a,b; Nakamura and Ramage, 1963). 
However, other workers indicated that the number growing 
On complex.media was. greater.than on defined, media 
(Stapleton, Sbarraand Hollaender, 1955; Freeman and 
Bridges, 1960; Cook and. Widdowson, 1967). These workers 
attributed the better growth on complex media to the 
presence of certain factors in the media which support 
Che repaireOLeihewin | ured. cells. 

Thessurvivad Of .tschertehia,colt foliowing, ultraviolet 
LgrediLaylonswas,observeds te be»strongiy dependent ony,the 
pH of the plating medium (Weatherwax, 1956). The number 
of colonies decreased as the pH of the medium increased 
(\Alpeg andbGilidies ~.105cb).. .-The sensitivity of scertain 
bacteria to NaCl was increased py radiation treatment 
(Okazawa, Namiki, Yamashita and Matsuyama,.1960).,..There 
was a marked effect with Escheritchta colt but not with 
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Injurye caused Dyachcmical treatment 


Cilmi acecOnolheretypesportinjury, ybacteriasinjured 
by chemicals also exhibited an extended lag period before 
growth. Chloramphenicol, sodium benzoate and potassium 
SOrbetey caoucedian extension oOfetheyleg periodjof 
Peeudomonas fragiebet ores growth! in dactose»yeastiextract 
Drovhut Mousteteatand Collinsjrl969)e,)Undikel heat-injury, 
chemical injury increased the oxygen requirement for 
seowthernharrisfrand Whitefield) (1963)6 concluded that 
Escherichia colt damaged by phenol, required a higher 
oxygen content for growth, because counts were substantially 
lower by the roll tube technique than by the surface 
plating technique. They also noted that phenol damaged 
Escherichia colt became very sensitive to the temperature 
of the molten agar. 

More exacting nutrient requirements for growth were 
also opserved form ichemical injured@bacteria.  Kapdan), 
Reiiily wend Stock: ( 195/7d.andicated thats the viable count 
for survivors of azaserine treated cells varied with the 
medium used. Counts were approximately 30 fold greater 
on M-9 synthetic medium (glucose-NH,Cl-salts agar) than 
onjnhearG sa niu saion agar. The addition of heart,dinfusion 
GS eric tod toe in the expected decrease in numbers of 
survivors, which was shown to be due to at least two 
aventsstimthepheartwiing usin,» a neutrada molecule] and,an 


anionic compound. 
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Heinmets, Taylor and Lehman (1954) reported the use 
of various metabolites for restoring the Viability “of heat 
and chemically inactivated Escherichia colt. Suspensions 
Ottechertenva coll, strain ’B/r, sterilized by the action 
Of Nesrercilorine ss *'zephiran" chloride and ethyl alcohol 
were shown to contain viable cells when incubated with 
Various mevabolites of the tricarboxylic acid cycle. 
However, when such "sterile" Suspensions were incubated 
Mees liate ouirer or in nutrient brovn, no Viable cells 
could be demonstrated. Garvie (1955) also carried out 
experiments on sodium hypochlorite treated FEschertchta 
eolt using the same procedures as Heinmets et al. (1954), 
but she concluded that the increases in viable numbers 
during incubation with these metabolites was the result 
of multiplication of surviving cells, rather than the true 
reactivation suggested by Heinmets et al. (1954). Garvie's 
observation that growth accounted for the increases in 
viable numbers was subsequently confirmed by Chambers, 
Tabak and Kabler (1957), and Hurwitz, Rosano and Blattberg 
(1957). Chambers et al. (1957) observed that chlorinated 
bacteria incubated in metabolite solutions, gave colony 
COUlvS ci Li excess of the number of treated cells 
available to recover. 

Other workers interpreted similar data as reactivation. 
Milbauer and Grossowicz (1959a) reported that chlorine 


treated bacteria can be reactivated if they are plated out 
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On, Pich meqmwa. Up. to 1000. times_more colonies grew on 
nutrient agar than on the minimal ager. Bacteria grown 
in rich media were much more resistant to chlorine 
compared to bacteria grown in minimal media (Milbauer and 
Grossowicz, 1959b). 

A comprehensive study of the effect of the environ- 
mental conditions on the recovery of phenol damaged 
Escherichia colt and Staphylococcus aureus was undertaken 
by Jacobs and Harris (1960). They observed that at 
temperatures above 37°C the viability of Fecherichia colt 
and Staphylococcus aureus damaged by phenol declined 
markedly; and that nutrient broth containing Norit 
(activated charcoal) reduced both the rate and extent of 
death of poeavped colic. I rleth, Hering GulLLeras and 
Shapiro (1945) reported that the presence of ferric 
chloride or activated charcoal in the subculture medium 
led to increased extinction times for phenol treated 
bacteria. Jacobs and Harris (1960) also noted that the 
addition of, cations to the recovery broth (Me?) favored 
the survival of phenol damaged Escherichia coli, but did 
not influence the survival of phenol damaged Staphylococcus 
aureus. The type of agar may also be critical (Jacobs 
and Harris, 1961). Japanese agar was shown to be better 
for the recovery of phenol treated Escherichia colt. 

A further study (Harris, 1963). indicated that un- 


treated suspensions were not affected by the nature of the 
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plating medium, while phenol damaged cells were markedly 
influenced. High’ counts of treated bacteria were found 

on supplemented media, indicating that replacement of 
leaked matertals by nutrients from the medium may be 
imporcanveceates sand Taylor, 1947; Sattvon and Alexander, 
Les) = wAmeno actds, ucleic acid residues and growth 
factors liberated from damaged cells supported this 
replacement, therefore meat and yeast extracts might also 
be expected to be more favorable for revival than peptones. 

Nutrient agar or media containing yeast extract are 
usually used in routine testing for the evaluation of the 
antibacterial activity of surface active compounds (avis , 
19GO Bibesemmedia permitted luxuriant growth, . 
while selective media tended to be inhibitory to growth 
of damaged cells. Acid injured Fschertichta eolt also 
exhibited an increased sensitivity to selective media, 
death rates determined on violet red bile agar were much 
faster than those established on nutrient agar (Roth and 
Keenan, 1971). 

Scheusner, Busta and Speck (1971 a, b) investigated 
several strains of Eschertchia eolt injured by sanitizers. 
Injury could be detected by the differences iy COUN Gs. Of 
a complete and a selective medium. They noted that 
SawuLZel: concentration was the main factor in death. 


Snidwiniury.. Teste on violet red bile agar, indicated 
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that sodium desoxycholate was the bile salt most inhibitory 
to damaged Eschertechia colt. The bile salts mixture alone 
prevented as many injured cells from growing, as did any 
combination of the selective agents. The same results 

were obtained when these dyes and salts were added to 


minimal agar. 


The injury of cells for growth on plating media is 
caused by many chemical and physical treatments intended 
for the control of microorganisms, Roth and Keenan (1971) 
sores theverprectheor pi on the reliability of cell 
counts indicated that other conditions or treatments 
miughu: alsowcause ngury and affect the reliability of 
cell counts. Hence it seemed justified to study the 
effect of preservatives intended for the Convrol "Or 


yeasts and molds on the reliability of CON imnOrm counts. 
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MATERIALS AND METHODS 
Test organisms 

Eschertchta colt SA211 (FE. colt B thr leu ilu lac, 
str-r) and Eschertchta colt SA603 (£. eolt Kle Riis. 

Tl res trpasucom ee iwere supplied by Dre K. Sanderson, 
Department of Biology, University of Calgary. 
Propagation 

For the studies on strain 603, except the preservative- 
salt studies, the cultures were transferred daily into 
100 ml sterile Difco tryptic soy broth (TSB) in 250 ml 
erlenmeyer flasks and incubated in a New Brunswick 
Gyrotory shaking incubator, shaking at 200 rpm through a 
Gree cuccullarrsuroke av BiaGe Cultures were checked 
for purity by microscopic examination of a gram stained 
smear. The streptomycin resistance of the test organisms 
was tested periodically by plating the etki Gunde onl mutrient 
agar containing 300 ug of streptomycin sulfate (Pfizer) 
per ml. 

The method used by Roth (1969) for propagating the 
culbure, resulted in strain 211 developing two distinct 
colony sizes when grown on violet red bile agar. Although 
the amino acid requirements and streptomycin resistance 
epithe t¢elils ofsboth colony stype's twere idenbical; evhe 
method of propagation was altered to avoid these size 
changes. 


For studies with strain 211 and the preservative - 


-eVidavissetq sit tuseoxs ,£00 HEaeve no eshiuda sot 20% 


J 


2QOUTSM Git. CdATRETAM 








eal wht wel att 8 Yioe . 2) DESKS sige nitcdnatgeyie 
ei Sik ples .4) FOBAP Mies ehileiteios’ ons) (aie 
MOATeineS .M .1G Yd bel~aqse eroe ( ssa at estal? n 
-Yisglso to yibestevinl ,yaolold to treme@aaed 


notsagaqort 


Oint vilsh bettelenss sew @ouudluo sd’ .setbude dian a 
fm O85 mi (827) dtoad yore okdqysy cottd slivess £m OO 
djimenuyd woh # at betéutont has eleslt teyemnediee 

& favouty mgt OOS te gnidede .1etéditiont Bilishe ytOrortye 
betes sisw eons fud Re. ok J& etowe tsihvotio donk tL 


beqisie meta & to ooltsntinaxs otqodzousitin yd ytinugq 16% 


eHstieeso Jeet oid lo sonsdeteet aioywedusase oAT -tsoma — aa 
Neltdum no anedtun ons anissig yd ¢ylisothetwsg fbestaesd esw - 
(aszitd) sitetine aLoymotgqetsa to Su OOf anintetnos "L538 - 
im <9q i) 
oa? anisvsgaqotq sot (0681) ddoR yd beau. bodtom oat . 
A 


Janisets owt gnbgofeveh LfS akedte ot bot iuget eotuding | - 


MaeodsiA § .a8ye SLed bsx taloky Ao swore nsiw sesie yaolos _ 


= 





oe GRaghorEe'sda bas vouseatuper bios gee? 





4 a 7 7 de: 


16 


saltmstudies on strain. 603; a fueeue, dried culture was 
inoculated into TSB and incubated at eliiet © in the shaking 
incubator for 24 hr. A 0.1 ml aliquot of this 24 hr 
culture was inoculated into 5 ml sterile TSB, frozen and 
stored in a freezer at 1.0 Cy according to the method 
used by Stiles (1963). 

For use in experiments, a frozen culture was thawed 
and incubated at BEN, Mom, Cll nye ehevO led saliquot.was 
inoculated into 100 ml sterile TSB and incubated in the 
shaking incubator at aA for 16 hr before use in the 
experiments. This procedure avoided the development of 
Gpanermeny, colony sizes for strain eit. 

Growth Experiments 
1. Preservative studies 

Sodium benzoate (Fisher Scientific Co.) potassium 
sorbate, methyl p-hydroxybenzoate (methyl paraben) and 
ethyl p-hydroxybenzoate (ethyl paraben) (Matheson, Coleman 
and Bell, Los Angeles, California) were selected as Che 
preservatives for use in this study. 

Initial studies in 250 ml erlenmeyer flasks resulted 
in contamination of the cultures, because of the frequent 
opening of the flasks. To avoid contamination, 10% (w/v) 
solutions of sodium benzoate and potassium sorbate were 
prepared in distilled water and filter sterilized (Millipore 
pacterialyfilter, f0.20yepore size). The,sterile 


preservative solution was added ageptically,.to. TSB to give 
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100 ml of 0.1% preservative solution. Because of thetr 
Dew Ssolupmivy.,ethe parabenvsolutions were prepared by 
addingeO.) simvoslOommisTSBWand ‘sterilizing “at pee ’eeror 
b5emine Sichemivaliquotvs of *these preservative solutions 
were dispensed aseptically into sterile test tubes, and 
incubated for 48 hr at 37°C in the shaking incubator, 
before use. 

These tubes were then inoculated with 0.1 ml ofa 
ONC iditu tition aGiirveter ile: O12 /v ye peptone water blank) 
Giiralowhmpactively growing culture of the test organism. 
The inoculated tubes were incubated at 37°C in the shaking 
incubator. 

In addition to the growth experiments in TSB, 
experamenes tossimulate conditions that might be 
experienced in foods were designed. In skimmilk studies, 
concentrations-of 10 and 20% skimmilk solids could be 
feat without excessive caramelivation or coagulation as a 
result of autoclaving. Agar concentrations which did not 
Solio uivwenineem tne condivions Of the experiments or’ cause 
excessive foaming, and salt concentrations which allowed 
growth of the test organisms without the added 
preservatives, were selected Dor. wee. 

2. Preservative - skimmilk studies 

Potassium sorbate and methyl paraben were used as 

the preservatives for these studies. The preservatives 


were added to 100 ml of 10% and 20% (w/v) Carnation 
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skimmilk powder, reconstituted in TSB to give final con- 
centrations of 0.1% of the preservative in the skimmilk 
solutions. The skimmilk powder was previously tested for 
absence of antibiotic effect. 

The skimmilk solutions were sterilized by autoclaving 
at 10 lb pressure for 20 min. The methyl paraben was 
eqced To une akimmi lk solution prior’ vo Bhee Taine the 
potassium sorbate was prepared as a 10% filter—sterilized 
solution and added to the skimmilk, aseptically, after 
autoclaving. 

Because of the viscosity of these SOL1uvLOnNs, Une 
experiments were carried out in 250 ml erlenmeyer flasks. 
The flasks were inoculated with 0.1 ml of a 16 hr culture 
of the test organism, and incubated at age in the shaking 
ineubacvor. 

3. Preservative - agar studies 

A procedure similar to the preservative - skimmilk 
studies was followed. Difco agar was added to give final 
concentrations of 1, 2 and 3% in TSB. Sterilization was 
carried out by autoclaving at 15 1b pressure HORN ae Wael. 
After autoclaving, solutions were held at 2 Cain ate 
shaking incubator to prevent solidification. 

4, Preservative - salt studies 

The procedure was the same as the preservative - agar 

studies, except that NaCl (J.T. Baker Chemical Co.) was 


added to give final concentrations of 2.Qand 4.05% NaGd 5 








Bd 


“Mov [anti ovig of G2 nt Deguditenooet .«shwoq aiimmive 








Niftimiae ect al svissvassatiq add to fI,0 to anolfaitines 
“Ol herged yiauoivetq ssw tTabwog) Afiamive ofT .anoiseics 
.Jos?is sitotdci¢as to sonpeds 

aniveloovs yd bextitInese sey shoktuios ALinnive eff 265 
saw isdsisg fyiren sit ..aim OS sot etwaesiq dl. Qigs 
ony {etivelodsys of twlrq PmObtifes Al tmoittde odd of -bOREE 
beslisweve—-retiit fol 5 as be¥aeqsiq eaw sdedtoe muteesvor 
te7is ~Yllseltiqvues Ni familie sat of DSbbs bas notsufoe 
-<antvs footus 


27 ,»emotvulos seed? lO gstezoxetv oad Te sevsoes 


Sisell “oevaemist rs iar O@S Mi tuo bslrwes stew stnenitsqzs 
Suigioo widal a to im (60 attw betalyuocont spew sadealt sat 
aitseds edt mt O°TE 3 bsteetont bos <Téineeto Jeet sdzx to 
.toteduont 

estpce ieys = avissviseett .«f 


Aifnmisie ~ svissvisest@ ead avg aslimie euybsbeta A é 
[saii avin of bebbs esw 1898 09220 .bewolict saw eokbudea 
e6wW nolvaeniitnet2 .d87 ab RE bees eh) De enolverdnsonoo 


Mim Qf ict aiwaassq gl GL 25 Batvslootue yd suc heb reas) 


@f3 nt O°FE ve bisa stay enotawies .aniveloodys sedta 
Molszolibhtios Yieverq.o9 teeduont Sttdeda 






° i 
; 
T. 
"i 
~— 
| 





19 
to give reduced water activities, as described by Scott 
EO Si). 

Controls for the growth studies 

Howmeach Study, TSB with and without the preservatives 
used for that study, was included as an inter-experiment 
COntrows elinaddstion,the,appropriate growth, media, 
without preservatives, were used as reference controls 
to measure the effect of the preservatives on the 
rellabMiipynotp,thescounts:. 

Sampling 

Samples were withdrawn aseptically at times planned 
to give results for the lag, log, stationary and death 
phases of growth. 

A 1 ml aliquot of the culture was withdrawn and 
diluted in 99;ml 0.1% (w/v) peptone water blanks to the 
desired dilution. 

Plating 

Difco nutrient (NA) and violet red bile agars (VRBA) 
were used as the plating media for all studies, using 
the pour plate technique. For VRBA a 3-4 ml overlay was 
poured on each plate. 

For one experiment, using 4 preservatives, Difco 
tryptic soy (TSA) and desoxycholate agars (DA) were also 
used for plating the samples. 

Appropriate dilutions of the samples were plated in 


triplicate onto sterile plastic petri dishes (100 x 15 mm) , 
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20 
poured with agar tempered to 45°C, and incubated at qualoe 
DA and VRBA plates for strain 603 were counted after 24 
hr incubation, all other plates were counted after 48 hr 
incupatren. 

Analyses 

The means of the viable counts were calculated from 
the 3 plates for the selected dilution (containing 30 to 
300 colonies per plate). 

(1) Growth curves. Growth curves were drawn on 
semilogarithmic graph paper to give a plot of the og of 
the viable count against time of incubation. 

(ii) Growth phases. The growth curves were divided 
into growth phases by visual inspection of the data. ig) 
most cases the sampling procedure did not give more than 
one reading in each of the lag and log phases of growth. 
The stationary phase was represented by a series OL 
readings, except where the culture was grown in TSB 
containing methyl paraben. In this case, there was no 
stationary phase by this sampling procedure, and the 
maximum cell count was taken to represent the stationary 
phase . 

The death phase in the preservative studies (section 
Cc of results) was divided into two phases for analysis, 
based on differences in the death rate. This was not 
applicable to subsequent studies (section D of results). 


(iii) Transformation of data. The data was transformed 
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to natural logarithms (ln) by computer program (Weingardt, 
(sayin 

(iv) Linear regression analyses. Linear regression 
analyses were carried out on the ln transformed data for 
the counts on each plate (3 plates for each sampling), 
using the computer program *MULTREGR-Stepwise multiple 
repression program (Buttels, 1973). 

(v) Data tabulation. Means for the stationary phase 
and the maximum cell count for the ce.ls grown in TSB with 
methyl paraben were tabulated for comparative analysis. 
Similarly, the intercepts and slopes were tabulated 
separately for the death phases. 

(vi) Analysis of variance. The data fitted a factorial 
design and was subjected to analysis ’by thescomputer 
program *ANOFPR (Weingardt,1973 h). 

(vii) Duncan's Multiple range test. The Duncan's 
multiple range test at the 5% level of significance was 
carried out to determine the source of statistical 
differences in the data, using the computer program, 
Function Duncan in STATLIB (a collection of APL PUG Gg Ons, 


from the,University.of,Guelph,, Guelph, Onibario).. 


{S$ | 
Ibisyntel) msuzorg totequoe yo (ge) jatuisttege! 






solaseigen i49cil . sethantes Hoksgoxgst tsentd (vi). - 
“0% a26b dsmiclecart oa! add a dio Betiiso ets¥ seeylans 
w(gntiqmse Asse tot estelg. &) 2¢8Iq nose no etaues on 


aiqistium setwoss2-ADaHTIUMY Mexyotq taduqmos edt gate 
(EYRE ,efessue) msigoty notseowger 


seenq Yisnotisie sit ict anball .notisivdad edad (v) u 
7 
iiiw GcT at mworwn 2el.eo sft% fot tnvos [ies mumrxsa end Ba8 7 
-Qlaylsens syviteisqmoo t¢T bsteiudes stew nedatsq [yddeel 
bejelvdst sisw ssqole Bus adqesotssat add - Virus limke ha 
-2989nq Hvssb eat xo? yistswder 7 
Lsitovosi s betidit eteb sa? Vsonatisy ‘Ic ateyland (2) ; a 
IscNQmoo sit yd efeylsgs os besostiwe saw bree ngiesh : 
-(d €jel gbtegntsw) RESOuAe MELBOLG 7 
a'esonud sil .Ja9t Samet siqts(uM e'assaud (ttw) | 
eau SONnKOLilisie to [eval Re edt te t4s¢ sanst siqitium 
feottatiste to sstyoe eft entmieseb o¢ suo belates _ 


<MS'AOT Lasuqmoo sit S0kay ~siab sit si assets ire 


eUROLJomt QIA Yo nolsosifoo &) SHUTATG ob neonsid noltoaue 


(atassnd ,dglisnp igiag® To yo henxevial eng mors 





22 
RESULTS AND DISCUSSION 
A. | Verificatzon of the test. organisms 

The propagation procedure for strain, 2ll was changed 
during the experimentation, because of a change that 
occurred. in colony: size with, conttnued propagation. Before 
making this change, the streptomycin resistance, amino 
acid and vitamin requirements and the growth curves of 
the test strains 211 and 603, as well as the large colony 
mutant of strain 211, were determined. 

Lereerand smallecolonies of strains 2ll were Tsolated 
from a VRBA plate, and grown separately in TSB, under the 
conditions epecimied an methods (pedo) otrain 603 was 
grown under similar conditions. After 24 hr growth, the 
cultures were streaked on NA containing filter sterilized. 
streptomycin sulfate (Pfizer, Inc., New York) at a con- 
centration of 300 pe/ml. These plates were incubated 
Bo 37 Oetor 2urhr. 

Tie test strains, including Che 2il mutant, erew in 
the presence of 300 mg streptomycin per ml.-° Since all 
strains were @streptomycin resistant; their amino acid and 
vitamin requirements were checked (see test organism strain 
nutritional requirements, p. 15). To confirm these require- 
ments, solutions of the required amino acids and. vitamin 
were prepared separately, and in combination, as shown in 
Table 1.. They were added to minimal broth (Difco) to give 


a concentration of 20 ywg/ml of each factor. These solutions 





35 ; 


vataiuomes of, etawane x 
ontp.t Asghe. 1p nol?szort aA 


Heansio 2s if5 olewe sod sxvhageed poltessqorg eff 





- 


jedt syaado © lo suusieed (nekdetaeniteqss sdd anigud 
eiotsh  .iolisstyo:uc tauchdies. deiw sete ynofoo al bsaswoes 
Mrias ,e0tbdebees nieymedesive, eft .eniedo elit 2niitias 
a9 ssvViT00 dowoce off Oe etiiemealups: almetliv boae bios 
jnoiom Saw DP suid ee flew eB —EOO Boe [1S antadds send one 
-bentatigeah giew ifs ataide to Jaaaee 

hatsio2n’ stew I{t nisste 3 gaimofes Iisme dna sare] 
sfit, Tebny ,fal mt vietersges gWow bos .staiq ASAV 6 mo? 
asw €00 misase .(Gf .q) BhGHgoem nl betticeq=e enclrtings 


ons .ridwouR TH WS aetGA .enehthroo sslinte ssbag Avode ) 


- 
Hbesftlinevte varitl animbedneas AV n> hewdserts atow-eetusids ‘ 
-7609,8 35 (atc. wot... ok. paeslts) etetive nleaw ms 
. ONL. 48 ) YHoOrgsTIs ~ 
Doceduent sitsw =sceiq ‘szeril? .isivgu OOF Db not derdnes 
eee no? 
~) YS ote? ve +8 
-" Sin I eus 4 T =, ' hae) os by ef 
nt wsws~ .JUnasium » SH Sntpplianf .entsasds teed ent - 


fis genic .fm tsg dtp yhevdaite wa OOF To sambeeag Sid 
OES Diss onins tints .Instelebryrtoyacigeti« ecow enisete : 
Glave etnagio teei 23%) beidetl(o-stow eaucmoarivpead Ane Ey 


~ oi a 


mitingy- of) 4eb ig ~cdnonarigness fan 
kav? | (0D .g ie pot Lino Ea ea, 


a 
¥ Wr, a 7 2 





ie) 


Table 1. The amino acid and vitamin requirements for the 
Pesteetrains of #. colt, and the requirements 
of the test strains and the mutant of strain 211. 
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24 
were filter sterilized (millipore filter, 0.20 mp pore 
size) and dispensed aseptically in 10 ml amounts, and 
incubated at 37°C for 24 hr before use in the studies. 

The test organisms were grown in ee an ye a6 for 24 
hr, streaked on NA and reincubated oN hr, A small portion 
of the cells was removed with a flamed needle, and diluted 
in sterile distilled water. The diluted culture was 
inoculated in duplicate (1 drop, 0.05 ml per tube) into 
the nutrient solutions. 

The amino acid and vitamin requirements of these 
strains are shown in Table 1, and the results indicated 
that the strains were those originally obtained for the 
FE. eolt studies. The large colony forming mutant of 
strain 211 was genetically similar to the original culture, 
in its requirement for threonine, leucine and isoleucine, 
and in its streptomycin resistance. 

The growth curves for both colony types of strain 2ll 
were also similar. The large colonies were OpSserved O71 
VRBA plates within 10 days of subculturing in TSB, hence 
it was decided to alter the system for propagating Strain 
211, as described in methods (ope) 1 Seand, 16): 

B. Inhibitory effect _of preservatives fork. colt 

The inhibitory effect of the selected preservatives 
(Na benzoate, K sorbate, methyl and ethyl parabens) on the 
test organisms was studied in TSB containing, separately, 


0.1% of each of these preservatives. Only ethyl paraben 
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had a marked inhibitory effect on the test organisms. 
Ethyl paraben caused the cultures to die off repidiy, trom 
an initial inoculum of 10° organisms per ml to less than 
PO ,ereantetcmperan!s On botn NA and VRBA, in approximately 
24 ar incubation at 37°C. 

The bactericidal effect of ethyl. paraben on the test 
organisms resulted in it being eliminated from subsequent 
studies. The object of the overall study was to determine 
if commonly used food SoS SRLESS,, not tntended for the 
inhibition of £. colt would affect the reliability of the 
count on selective media. In the following study it was 
decided to incorporate another nonselective medium CES A) 
and a selective medium for coliforms (DA). DA was selected 
because it contains sodium desoxycholate as the inhibitory 
agent in place of bile salts No. 3, and no crystal violet. 
C. Preservative studies 

T) &. eolt strain SA603. 

The test organism was inoculated into the growth media: 
TSP erebrtaO. ta Naebenzoate, 15B 0+ 0.1% K sorbate, and TSB 
+ 0.1% methyl paraben. Samples were withdrawn according to 
the procedures described, and viable counts determined on NA, 
TSA, VRBA and DA. The growth curves for this strain in TSB 
and TSB with benzoate and sorbate were similar, and are 
represented by the growth curves in Fig. 1. However, in the 
presence of 0.1% methyl paraben, the growth curves were 


markedly different to those observed for TSB. Typical growth 
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Pigaeiieecrowth eurviesotor fas colt SAGOS erown in TSB at 
37°C and plated onto 4 plating media, and showing 
thel gronthi phases! used for analysis oft nesdatear 


(Based on duplicate results) 
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Curves in the presence of 0.1% methyl paraben are shown 


tn Fig 2. 

Tiemeemolane procedure did mou give multiple samples 
in the laeecorslos phases of growth. However, differences 
ii Chemcounesmolmphese samples from tnese growth phases, 
plated on the selective and nonselective media, were 
generally equivalent to those observed during the 
Stats Onervyserowun phase. 

[neve elehowecan be seen thavetne icells were in the 
Scauionary serowun phese for 30 to 36 hr.) However, with 
tits sampling procedure, the cells grown in. TSB with methyl 
paraben did not exhibit a stationary growth phase. Data 
for the stationary phase were obtained by recording the 
Maximum cell count observed, as itllustrated in Fig. 2. 

Dna cases, the death phase eculd be divided into 
(i) an initial slow death phase, and (ii) @ subsequent 
fast death phase. These phases are illustrated in Figs. 

1 and 2, and were generally clearly evident by visual 
iastectLon Of Vhemcoava. 

The means for the data from two replicate trials were 
subjected to statistical analysis to determine the effect 
of plating medium and preservatives on the reliability 
OL eview colony Counts. For the stationary phase, the mean 
counts and maximum cell count (for methyl paraben), were 
used in the analysis. For the death phases, both the slopes 
and the intercepts of the data obtained from the regression 


analyses were used in the analyses. The data are shown 
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Growth curves for Fo. COLt. SADOS .2ROMWn etn. ov 
with 0.1% methyl paraben at 37°C, and showing 
the maximum cell count and death phases used 
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im Appendd aenmeaoles 1 to 5. 

The summary of the analyses of variance is given in 
Table 2. Media and preservatives generally had a marked 
effect on the counts of the cells, but did nov have a 
significant effect on the death rates. The media x 
preservatives interaction effects were non-significant. 
These effects were further studied by applying Duncan's 
multiple range test at the 5% level of probability. The 
results of the Duncan's test are shown in Table 3. The 
results are also illustrated as histograms in Fig. 3. 
Data for the stationary phase means and maximum cell 
counts (for methyl paraben), and the intercept data for 
the death phases were transformed to 10814 for use vin“the 
histograms. 

There was no statistical difference between NA and 
TSA or between VRBA and DA. The only exception to this 
observation was for the control (TSB) jnadeath phase %2; 
in which NA, TSA and DA were equivalent and different from 
VRBA. This unexpected result could possibly be due to 
the large difference between replicates, which gave a large 
error mean square. 

There was a statistically significant difference 
between counts on the nonselective media (NA and TSA) and 
counts on the selective media (VRBA and DA). In general, 
there was a difference of one log cycle (90%) between the 


counts of the selective and nonselective media. However, 
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Table 2. Results of analysis of variance for F. colt SA603 
grown in TSB and TSB with preservatives. 
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Stationary phase 


Media 3 WA Ne 0.000*** 

Preservatives 3 25 6 0.000%** 

Media x Preservatives 9 ena 05.05% 
Death: Phase 1 (intercepts) 

Media 3 i es 0.000*** 

Preservatives 3 Basil OmogOss* 

Media x Preservatives 9 0.64 0.745 
Death: Phase 1 (slopes) 

Media 5 B90 0.029% 

Preservatives 3 Orne 0.845 

Media x Preservatives 9 0.93 0.520 
Death: Phase 2 (intercepts) 

Media 3 ESCO 0.000*** 

Preservatives 3 0.93 02450 

Media x Preservatives 9 105 0.444 
Death: Phase 2 (slopes) 

Media 5 OPES Qa [ 

Preservatives 3 mo 56 Ome ss 

Media x Preservatives 9 0.24 0.982 
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33 
cells grown in TSB with methyl paraben gave Bpountvs son che 
selective and nonselective media that differed by less than 
% a log teyele. 

The presence of benzoate or sorbate in the growth 
medium did not influence the growth curves or the peliabai— 
ity of the pleating medias IneTsBewivh methyl paraben, 
however, a marked difference was Goeernved. —T[hiseis 
illustrated in Fig. 2. An initial death phase, followed 
by log growth up to 24 hours, with no stationary phase, 
distinguished this growth curve from the, ounersa.- There 
were 2 distinguishable death phases, but the culture had 
decreased to the numbers initially inoculated within 80 
ar, compared to 120 to 140 hr for the other growth media. 

The death rates observed on all media showed little 
difference as a result of plating medium or preservative. 
However, from the Duncan's test results on death phase l 
(see Table 4), there was an apparent) difperence sn vive 
death rate on VRBA compared to the other 3 media. 

Organisms plated on VRBA, grown in TSB and TSB with Na 
penzoate appeared to be dying at a faster rate than those 
from other preservative-plating media combinations. 

The similarities between the results for NA and TSA 
and the results for VRBA and DA, indicated that only one 
nonselective and one selective medium was needed out of 
the 4 studted. NA was selected as the nonselective medium, 


despite the fact that slightly higher counts were generally 
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3D 
recorded on TSA. Stiles, Roth and Clegg @iloras jathad 
selected NA in preference to TSA because the highest counts 
were recorded on NA for these strains. Thies observation 
conflicted with the observation in this study, and Roth 
and Keenan (1971) reported no difference between NA and 
TSA. The selective medium VRBA was selected because of 
its use in other studies on these strains Gmen. =eOur 
(Roth and Keenan, 1971; Stiles et al., O73) < 

It was also decided that there was net Vsuriierenv 
difference in the results for both Na benzoate and K 
sorbate to be included as preservatives. As a result Na 
benzoate was no longer used as a preservative in these 
SLtudLTess 

PAPGreAMeo tes ccadgeoN21 i 

A similar study was carried out foreguraim 217% 
However, this strain was only grown in TSB, TSB + 0.1% 

K sorbate and TSB + 0.1% methyl paraben, and samples were 
only plated onto two media: NA and VRBA. 

The growth curves for strain 211 showed marked 
differences between replicates. In the first experiment 
on strain 211, two frozen cultures were taken and 
propagated separately for use in the growth experiment. 
The growth curves observed for both TSB and TSB + ORD 
sorbate differed markedly between replicates, however, 
the replicate growth curves for the organisms grown ae 


TSB + 0.1% methyl paraben were similar’ 
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The experiment was repeated to determine whica growth 
curve was correct for strain 211, and similar differences 
between replicates were observed. This 1imics, une 
validity of the results for this strain. The two types 
of growth curves are shown in Figs. Wand 53 and toe 
growth curve in TSB + methyl paraben, in Fig. Os 

Despite the differences between replicate trials, 
this strain gave counts on NA and VRBA in the stationary 
phase which were relatively close. During the death phase, 
large differences between the NA and VRBA counts occurred, 
giving differences of up to 2 log cycles. This appeared 
to be even greater when the cells were grown Livy the 
presence of 0.1% K sorbate. This only occurred between 
the third and fifth days of growth, thereafter the counts 
on VRBA were similar to those on NA. After the Pay Ly 
day, a further growth phase occurred, which in replicate 
type 1 (see Fig. 4) was followed by another stationary 
phase and finally death occurred. Throughout the latter 
phases, counts on NA and VRBA remained similar. 

Cells grown in TSB with 0.1% methyl paraben gave 
counts (see Fig. 6) on NA and VRBA which were relatively 
close, but deviated as the death phase progressed. The 
counts differed by up to ql slog cycle, but between the 
second and third day, a change occurred in which the 
count on VRBA was greater than the counts on NA. The 


latter phenomenon was repeated in all 4 replicates grown 
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Fig. 4. Growth curves for £. colt SA211 grown in TSB 
at 37°C, plated on NA and VRBA. Replicate 


type 1. (Based on results from 4 determinations) 
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Fig. 5. Growth curves for &. Colt Shelleerowm in Tob av 
37°c, plated on NA and VREA. Replicate type 
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with 0.1% methyl paraben at 37°C, and plated on 
NA and VRBA. (Based on results from 4 
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D. Hifect jor yenowlh media 

Growth medium in this study refers to the liquid 
medium in which the culture was grown, for example: TSB, 
Toh tmesicinMiiiatar or salt... This experiment was 
designed to determine the effect of the growth media and 
the effect of preservatives added to these growth media, 
on the reliability of VRBA for the enumeration of £. COLG. 

The experiment was divided into the 3 sections 
described in methods (pp. 17-18): skimmilk, agar and salt 
studies. Each trial was done in duplicate and the results 
Supected to sudtistical analysis. The analysis of 
variance for each phase of growth, based on counts (means 
and intercepts) and slopes of the death phase were 
calculated. Significant differences were further studied 
by the Duncan's multiple range test. Because of the volume 
of the data, the results will be considered on the basis 
of growth medium and growth phase. 
(a) Preservative - skimmilk studies 

le Feecoele strain SAG0Z 

The culture was grown in TSB with 10 and 20% skimmilk, 
powder, and in these growth media with 0.1% K sorbate and 
0.1% methyl paraben added. Controls in TSB and TSB with 
the respective preservatives differed from those presented 
in Fig. 1 (p. 26). Slightly larger differences were 


observed between the counts on NA and VRBA, and only one 
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death phase was apparent for TSB and TSB with K sorbate. 
This chaneewinecee @rowth curves could not. be explained, 
however the experiments to determine the effect of growth 
media were done in erlenmeyer flasks, compared to test 
tubes for the preservative studies. The different 

level of aeration might account for the differences, but 
Toeeces rot accoun, tor the similarity in the methyl 
paraben results. 

When skimmilk was used as the growth medium, a much 
greater difference in the counts on NA and VRBA was 
observed (generally 2 log cycles difference). Typical 
data for growth in skimmilk are shown in Fig. 7. The 
growth curves in skimmilk with 0.1% K sorbate are shown 
in Fig. 8, and similarly . skimmilk with 0.1% methyl paraben 
are shown in Fig. 9. The similarity between the methyl 
paraben and the K sorbate results is reflected in the 
Murican's muitiple range test, as shown. in Table 5. This 
fe'contrary to observations for the effect of K sorbate 
Peo oeeD.. O41 le 

Tt appears that the growth medium can markedly 
influence the effect of preservatives on the bacterial 
cells, so that different recovery responses are noted on 


the selective medium, VRBA. 
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Hag. 7%. Growth curves for F. eolt SA603° grown in TSB 
containing 10 and 20% skimmilk powder, at 37°C 
and plated on NA and VRBA. (Based on results 


from duplicate trials) 
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Growth curves for #. ¢olt SA603 grown in TSB 
containing 10 and 20% skimmilk powder and 0.1% 
K sorbate, at 37°C and plated on NA and VRBA. 


(Based on results from duplicate trials) 
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Fig. 9. Growth curves for FE. colt SAG603 grown in TSB 
containing 10 and 20% skimmilk powder and 0.1% 
methyl paraben, at 37°C and plated on NA and 


VRBA. (Based on results from duplicate trials) 
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table 5. Results of the Duncan's multiple range test for 
differences between plating media, preservatives 
and growth medium. 








(a) Stationary (b) Death (ec) Death 
phase phase phase 
(intercepts) (slopes) 
Plating 
media V N V N V N 
Preservatives Pi P. C Py P c Py i G 
Growth 
WEEK SM2 SM2 TSB SM1_ SM2 TSB = SM1_SMe TSB 
N-nutrient agar C=Control, TS8. 
V-violet red Dille agar P- TSB + 0.1% K sorbate 
SM Lo h0 epee nan el P,-TSB + 0.1% methyl 
SM2-20% skimmilk paraben 


ee ree ere ee eS 


lyalues were ranked from the lowest to the highest, and 


underlined values indicate no significant difference at 
the 5% level of probability. 
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2 Mel eecorimavrain SA2wU TA similar experiment to 
that described for strain 603 was carried out with strain 
ell oe Umi ceecne results for strain 603 srown dm skinmilk, 
Counte on) Niwand VABA differed by less than 3% a log cycle, 
and the stationary phase continued over a period of 26 
days, with little overall change in the viable counts or 
differences between NA and VRBA counts. 

For the cells grown in the skimmilk with 0.1% K sorbate, 
Ssimildear results’ to the skimmilk controls (without preserv- 
atives) were observed. During the prolonged stationary 
phase, the counts on NA and VRBA remained relatively close. 
However, after the 6th day and for the following 10 days, 
Ghe coun, tom VRBA vexceeded that on NA. In the death phase 
the count on NA exceeded the count on VRBA again, and some 
larger deviations between NA and VRBA counts Gecurred. 

The skimmilk growth medium with 0.1% methyl paraben 
supported more growth of strain 211 than strain 603 (as 
show in Fie, 9). .The typical srowth curve for strain cll 
in skimmilk with methyl paraben is shown in Fig. 10. In 
the death phase, large differences between the NA and VRBA 
counts (up to 4 log cycles) occurred, indicating marked 
injury of the dying cells. However, indications were that 
this experiment was not complete, because the culture 
might have revived from this death phase and continued 
growth, as indicated by the upward trend “in the fined 


reading on VRBA, on the 5th day in 10% skimmilk Cree 0) %s 
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Growth curves of £. eolt SA211 grown in TSB 
containing 10 and 20% skimmilk powder and 0.1% 
methyl paraben, at 37°C and plated on NA and 


VRBA. (Based on results from duplicate trials) 
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This experiment illustrated between strain, as well 
as between growth medium, and growth medium x preservative 
interaction effects which markedly influence the reliability 
Dl pmemcounpe on ynpA. The statistical significance of 
these effects is indicated in Table 6. 
(b) Preservative-agar studies 

Themculwvurerwasacrown in TSB with @ 2 and 3% Levels 
of agar added to the growth medium. The effect One tae 
added preservatives in the presence of these agar con- 
centrations was studied. The agar was added to the growth 
medium to reduce the water activity and to study the effect 
of the preservatives under conditions that might he 
Simulated in some foods. 

Mme ivecor: strain SA603 

Mnesreesutts tor the Duncan's multiple range vest 
Carried out on. the data for this study are shown in Table 
7. The expected difference in the counts on NA and VRBA 
was observed; the presence of sorbate in the growth 
medium did not influence the results, but methyl paraben 
caused a significant effect;yand there was no signiticant 
difference between results obtained for organisms grown 
tpeleperpiei Og ks 2. and 32 agar. 

The only change noted as a result of adding agar me) 
the growth medium was in the effect of methyl paraben on 
the test culture. The results. in Table 7 indicate that 


for the preservative x growth medium interaction effect, 
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Taple 67 @8hesurcc Of analysis of variance, for 2. colt 
SA211, grown in skimmilk and skimmilk with 


preservatives. 


Source. of, varLation 


Stationary phase 


Media 

Preservatives 

Media x Preservatives 

Growth media 

Media x Growth media 

Preservatives xX 
Growth media 


Death phase (intercepts) 


Media 
Preservatives 


Media x Preservatives 
Growth media 


Media x Growth media 


Preservatives x 
Growth media 


Death phase (slopes) 


Media 
Preservatives 


Media x Preservatives 
Growth media 


Media x Growth media 
Preservatives xX 
Growth media 


ee Ons p> O. OL 
AOR Od Spe > OOD 
RX ecole Un 


DF F-value Probabada-cy 
ih 108.65 0.000*** 
2 24573 0.00Q*** 
2 2.08 0.154 

2 81.50 0.000%** 
2 PAG Gente 

mM 68.20 0.000*** 
‘ 33.602 0.000*** 
2 64.79 0.000*** 
2 OL AF 0.003** 
2 To ou 0.000*** 
D De 0 0.094 

y 26.79 0.000%** 
ih Basie 0.032* 

2 Tes 0.006** 
) 1226 0.306 
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2 O202 0.549 
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Maple 7. shestrous Of the Duncan's multiple range vest for 
differences between plating media, preservatives 
aiomenerr interaction ertectsstor &. colt SA603 

SoCOMW Me Med 5.2 andyste agar and with preservatives 
aqded.,) (summary of data for Phase 1, and Phase 
2 intercepts and slopes) 


Media . V N 
Preservatives Py Py C 
Growth medium 3% TSB 27, ys 


Preservative-growth medium interaction effect 


Toe Py He C 
TSBe+ 1% agar Py Ps C 
Tebuk  2O% «ae oi Py C P. 
) 
TShat 37 agar Py C Ps 
es 
s gk es 
NES went ager Ve = ay Ollie redsbiega car 
Ca-sConvroel, TSB 1% — Sher ae eacar 
P. - K sorbate e% —- TSB + 2% agar 
Py —- Methyl paraben 37 —- TSB + 3% agar 


tphase 1 and Phase 2 intercept data 


“Phase e slOpe dava 
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methyl paraben did not have the expected effect in the 
presence of agar. Even with 3% agar added, the water 
activity appeared to be insufficiently affected to influence 
the results. 

Paner Perotti tatty SSAct . 

Because of the lack of an effect on strain 603, agar 
studies were not done for strain ell. 

(c) Preservative-salt studies 

inteialiwn pheroulLovure was grown These wit 3.55 send 
7.02% salt added to the growth medium, TOmaAppLOximale 
water activities of 0.98 and 0.96, reported by Socio CU) 
However, at the higher NaCl concentration (7.02%), in TSB, 
thetrencolirdiedirapidiy(and)marked injury Cioeecy cles 
difference) between counts on NA and VRBA occurred. A 
similar result was observed with sorbate in the 7.02% salt 
Pee anekinee een th medium. In the 7.02% salt containing 
growth medium with methyl paraben added, when a CounLs OF, 

6. Bs 10° was observed on NA, there was no count on VRBA 
at 1071 ailution (i.e. with 6 x 107 organisms inoculated 
per plate,)®. 

As a result, the 7.02% Nacl concentration was not 
studied, and a 1.5% Nacl ee ee medium was 
ineluded, to indicate an intermediate effect. Nene cak INENG 
concentrations in these growth media were Op 50 7-e10. Whe 
control, 2.00 and 4.05%. These growth media were studied 


for their effect on the test organisms, with and without 
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the addition of the 2 preservatives, K sorbate and methyl 
Paraben. 

Ieefamcor7 strain SAG03 

The organisms inoculated into TSB with 1.5% added 
Nagi and TSB with 1.5% NaCl and 0.1% K sorbate grew 
normally and gave growth curves comparable to the TSB 
Conurol fer this experiment. The data for growth in 
TSSeonCwlepawiuaeNacCis are shown in Fig .@i1l. 9 The growth 
curves for the salt containing growth media, with 0.1% 
methyl) paraben added, are shown in Fig. 12. ‘Results for 
erowth in the presence of salt and K sorbate were 
Subpicientlly cimilar’to the resulte Tor the salt controls, 
thag they are not shown in the date. 

Vhemeriecy of inereasing salt concentration in TSB 
Can pe seen. trom the growth curves in Fig. 11. Between 
tne control and 1.5% NaCl, the only effect noted was in 
the death phase. In the presence of 1.5% NaCl, there was 
@eeaster death rate, and increased injury of the cells 
grown on VRBA was observed. 

At 3.55% added NaCl a marked difference in the growth 
curve was observed. There was an initial death phase, 
in which the inoculated organisms decreased from 1 pee 10° 
ey aie) Saale) as 10° organisms per ml on NA and VRBA, respectively, 
Wir setter inoculation. vo s.@ x 102 anver- 6 hr tricubavion 
at shee. Thereafter, growth occurred with increasing 


levels of injury were observed on VRB ie Up vOme olLoOg cycles 
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icine Growin curves for £. col, SAGG3 grown in Tos, 
TSB with 1.5% NaCl and TSB with 3.55% Nacl, 
at 37°C and plated on NA and VRBA. (Based on 


results from duplicate trials) 
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Fig. 12 Growth curves. for £. colt SA603. grown. in TSB 
containing 1.5 and 3.55%-NaCl and 0.12 methyl 
paraben, at 37°C and plated on NA and VRBA. 


(Based on results from duplicate trials) 
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5 
difference between the counts after 24 hr incubation. 
Faster death rates were noted in the presence of the higher 
salt concentration. The effect of 7.02% added NaCl was 
reterred Toei ne— ntroduction=torthisrexperiment’. 

Tne ~eltecteon salt in theggrowthemedium in the 
pee-ence of 0.1% methyl parabén isMshown in Fig. 2. In 
the presence of 1.5 and 3.55% added sait, the culture 
failed to grow, and increasing salt concentration resulted 
in a more rapid death rate. However, the counts on NA and 
VRBA, for the control and in the presence of 1.5% Nacl, 
were comparable, indicating that injury for growth on VRBA 
G@uamnovloccur =) Aves.55% NaCl, differences in the count 
OUENe and Vaebieeup to 2 log cycles occurredYearly in the 
deacn phase. 

These observations were confirmed by statistical 
analysis. Re waee of the Duncan's multiple range test 
are shown in Table 8. Because growth did not occur at 
1.5 and 3.55% salt, in the presence of 0.1% methyl paraben, 
only the death phase data could be submitted to Stabis wcad 
analysistentromathe counts (intercept Gaal) noSstaurstically 
significant difference was observed between the CON Gio 
ana Kusorbate data. The death rates indicated some 
statistically significant results between NA and VRBA, 
notably with methyl paraben, and in the presence OMe ths) 
and 3.55% added NaCl. In general, plating medium, added 


preservative and growth medium significantly influenced the 
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tables 8.8 Gheateca. off the Duncaniisymultiple range test 
forsditterences between plating media, 
preservatives and their interaction effects 
Houmrerco’? SAGO grown in 1.5 and 3.55% 
NaCl and NaCl with preservatives 








Death phase Death phase 








(intercepts) (slopes) 

Media V N N V 
Preservatives Py Pa C Py ic is 
Growth media 2 55G les ob 3.557 hs a) eee 
Media—Preservatives interaction effect:- 

Cone rod (GSB) V N ig N 

K sorbate Wen IR V N 

methyl paraben V N N 


Media-growth media interaction effect:- 


control ‘(TSB V N N V 
Susie op deepaya INNG gE V N V N 
TSB + 3.55% Nacl V N N V 


Preservatives-Growth media interaction effect:- 








Concrow | loo) Py P, é Py eS P. 

oe reel. oe Nac! Py ae G (é& a 3 

Topet Soo, Nace Py @ Ba Py c P3 
N - nutrient agar We, Sve SS URSTS pi es Neh Orel 
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Py Methyl paraben 
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growth of the F. colt strain SAGO 3. 
Ae ee: Strain SAdiL 
The results for salt containing growth medta with 


strain 211 differed considerably from results obtained 





for strain 603. Furthermore, marked, between replicate 
differences were observed with strain 211. These 
differences occurred despite the changes in culture 
propagating procedures, and the concurrent “etudyror 
experimental replicates. Counts of the ecelis plated on 
NA and VRBA from TSB and TSB with 1.5% and 3.55% Nacl, 
jn the death phase, “Indicated 

fevels’ or “injury ranging Trom 1% tog cycles (as shown in 
Prec. ara 5; Por erowtir in TSB, up to 4 lose eycles 
difference in TSB + 3.55% NaCl. Similar between replicate 
differences to those shown in Figs. 4 and 5 were also 
observed. 

In the K sorbate containing growth media, between 
replicate arpeerenees were observed, but levels of injury 
were generally greater ranging between @ and 3° ioe cycles. 

The effect of 0.1% methyl ceeeen in the TSB growth 
medium was shown in Fig. 6 (p. 39). With 1.5% Nacl added 
to une methyl paraben containing growth medium, death was 
more see than that shown in Fig. 6. In the presence of 
3.55% NaCl, the death rate was too rapid to be measured 
with this sampling procedure. The 1 hr sample couid only 


be counted on NA (6.8 x 102), and on VRBA the level of 
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injury was sufiicient that there was no growth at a 
co aigl Gp i uafovaly, 

he mpl teavlons 

Mie relvaptiity Of the selective medium for the 
enumeration of #. colt was shown to be influenced by the 
growth phase, growth medium, and in some instances the 
presence of preservatives in the growth medium. In 
addition, between strain differences were observed for 
Ciembesuravrains Used in this study. 

The selective medium generally gave lower counts than 
the nonselective medium, even for untreated cells. This 
was in agreement with the findings of Maxcy (1969, 1970); 
Seneuenersepueta ang opeck (197lay;57Rotn, stiles and Clege 
Clo fo rana ocites er al. (1973). However, Roth and 
Keenan (1971) noted that counts were similar when untreated 
cells were’ plated on selective and nonselective media. 

Tits study inaicated that the wellability or vhe 
selective medium was less during the death phase than 
@urine other phases of the™ growth cycle: Cells were Ou 
only dying, but were also undergoing a form Of LAaJjuUL ys 
witver limrued their ability to grow on the selecvive 
medium. Contrary to observations on Staphylococcus aureus 
CSurlecmearcuwiy vers 2965) the decreased eOunGg. On, Une 
selective medium did not significantly influence the 
apparent Geant rave Of the CulLbures. 


The studies tndicated little or no influence of Na 
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benzoate OrpukKusorbate.on the reliability, of .the counts .on 
the selective medium. This could have been due to the pH 
of the growth medium. The pH of the TSB growth media 
Was around «7.10, and both Na benzoate and K sorbate,are 
most active at lower pH values (Bandelin, 1958; Moustafa and 
Collins ,1969). Roth and Keenan (1971) indicated that pH 
had a marked effect on the reliability of the counts on 
VRBA, hence the pH effect was not included in this study. 

For cells grown in the presence of methyl paraben, 
a markedly different growth curve and a faster death 
rate was observed, however the reliability of the counts 
on VRBA appeared to be greater than that observed for 
the control. The effect of methyl paraben on the growth 
curves and death rate could be explained by the fact 
thatathe parabens are yactive over a wider pH mange 
(Bandelin, 1958). However, the observation of less injury 
for growth on VRBA could not readily be CxO Late oe li.s 
could be due to injury of the cells for growth on NA. 
An indication that heat injury occurs for growth on NA 
was shown by Stiles et al. Cube esi: A similar phenomenon 
might occur in the presence of methyl paraben, bringing 
the counts on the selective and nonselective media CalOs er 
than«in, the,controls. 

There were a few exceptions where the counts on VRBA 
exceeded the counts on NA. This was observed during the 


death phase of strain 211 grown in TSB with 0.1% methyl 
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paraben, ancdmwun, the prolonged stapwonary hase) Olistrain 
211 in thessiomtk growth media with 0.1% K sorbate. 
Again, the best explanation of this phenomenon appears 
TOVpenuUnesiisuryeor the cells for growth on the nonselective 
medium (NA). 

The growth medium had a marked effect on the reliability 
Ole the CcCounte on, VRBA; and influenced the growth curves 
ShecnenculeUres melts ObServacion indicated thay the 
relioputymor whe count could vary with the, food in 
which coliforms are tested. In the skimmilk studies 
large, between strain differences were noted in the growth 
curves and the reliability of the VRBA counts. bey ES 
skimmilk growth media, water’activity would be reduced. 
so that the effective concentration of the preservatives 
would be increased. This might account for the results 
of K sorbate and methyl paraben pean’ similar, whereas K 
sorbate results for other growth media were similar to 
the control medium. However, there were no marked 
differences between the results for the 10 and 20% skim- 
milk solids in the growth medium and pH values were 6.8 
and 6.6, respectively. 

The agar containing growth media were incorpoLravea 
to give another measure of the water actavity er tecu. Vine 
concentrations used in these studies, gave no significant 
differences between the control and up to 3% agar for 


Surnein 603.  Biuner these concentrations of agar were 
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insufficient to affect the concentration of the preservatives, 
or conversely, there might have been an interaction effect 
between the agar and the preservatives, which made the 
preservatives ineffective in the growth medium. mas was 
suggested by the observation that methyl paraben was 
effective in causing differences in TSB, but it had no 
Sirectwunm the presence of 2, 2 or 3% agar. 

In the presence of salt, there was a marked decrease 
in the reliability of the VRBA counts. In addition, the 
growth curves were markedly affected for both strains of 
H Weolt,. Blin the presence of salt’ (2.0) and 4.7052), 0.1% 
methyl paraben was strongly toxic for the two tesy Strains 
of F. colt. These observations indicated that in cured 
Goodale: rediabiih Gye orecol ony counts on VRBEA could be 
altered. In the presence of methyl paraben and 2.0% salt, 
the counts on VRBA remained similar to those on NA; however 
the VRBA count at 4.05% salt was less reliable, indicating 
a possible influence of salt and preservative on the 
resdtiabidatpyse of the count. 

The study incorporating both TSA and NA as non= 
selective plating media, and DA and VRBA as selective 
plating media indicated that ig See media, either 
could be selected as the selective and nonselective 
medium, respectively. This might not apply to the Omer 


selective media for coliforms, but this result suggests 
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62 
that other selective media using bile salts or sodium 
desoxycholate as the selective agents, might give similar 
FesuLts:. 

Both K sorbate and methyl paraben are intended 
primarily as preservatives for yeasts and molds (Chi- 
chester and Tanner, 1968), and parabens in parhiciwtlar, 
were noted as being “less effective against bacteria, 
especially gram-negative pactertea”. —Despive this 10 was 
shown in these studies that methyl paraben markedly 
affected the growth characteristics of these Strains OL 
FE. colt, and influenced the reliability of the VRBA counts. 
This was generally a favorable influence, however, the 
effect on the NA count would need confirmation before 
the effect could be reliably interpreted. 

In general, these results indicate a need for caution 
AYE interpreting coliform counts: It. is considered that 
Selective media for coliforms require modification 
equivalent to those achieved in the selective media for 
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63 
CONCLUSIONS 


The object of these studies was to determine the 
influence of microbial preservatives on the reliability 
of coliform counts on selective media. In addition, 
different growth media were used, and their influence 
on the reliability of the counts was also recorded. This 
study indicated that caution should be exercised in the 
tests for coliforms in food containing preservatives, and 
emphasizes another aspect of injury that might occur to 
the cells and cause unreliable counts to be obtained. 

Na benzoate and K sorbate appeared to have a 
negligible effect on the reliability of the eolitorm 
counts, yet in the study of sorbate in the presence of 
milk solids, an effect was noted. Methyl paraben, on 
the other hand, was shown to have a marked SilecusOn the 
growth and counts of FE. colt, and this should be taken 
into consideration in testing foods for COliorme, “O16 
Heeovr. 

The study has shown growth medium, preservative and 
growth medium x preservative interaction effects on the 
reliability of counts on selective media intended for the 
enumeration of coliform bacteria. The influence of Lactors 
not intended to affect the coliform counts. emphasizes the 


need for improved selective media for coliforms. 
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Appendix A 


Table 1 


Stationary phase (mean of counts) 
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1 -—- tryptic soy agar 


V - violet red bile agar 


means of counts for each plating medium 


means of counts for each growth medium 
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Table 21 


Death phase 1 (intercept data) 


N V T D 
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Appendix A 


Table so 


Death phase 2 (intercept data) 
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Appendix A 


Table 41 


Death phase 1 (slope data) 
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Appendix A 


Table Be 


Death phase 2 (slope data) 
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